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ASTM Committee D-5 on Coal and Coke is r e s p o n s i b l e  f o r  development o f  
s p e c i f i c a t i o n s  f o r  c o a l  and f o r  coke produced from c o a l ;  t h e  development of methods 
of  sampling, a n a l y s i s ,  and t e s t i n g ;  the  development of s p e c i f i c a t i o n s  f o r  c l a s s i f i -  
c a t i o n  of c o a l s  on t h e  b a s i s  of  chemical and p h y s i c a l  c h a r a c t e r i s t i c s ;  t h e  s tandard-  
i z a t i o n  of terminology;  and t h e  promotion of r e s e a r c h  and disseminat ion of  knowledge 
i n  these  f i e l d s .  The work of t h e  committee i s  co-ordinated wi th  o t h e r  ASTM cormnit- 
tees and o t h e r  o r g a n i z a t i o n s  having common i n t e r e s t s .  

The committee i s  made up of producers ,  users  and those  whose g e n e r a l  i n t e r -  
ests a r e  i n  c o a l  a s  a resource  and i t s  u t i l i z a t i o n .  The s tandards  produced by t h e  
committee r e f l e c t  t h i s  ba lance  of  membership. 
to-date  i n  t h e  opin ion  of  those  who use them, the Socie ty  d i c t a t e s  t h a t  a l l  s tandards  
must be reviewed every f i v e  y e a r s  and, i f  they a r e  n e i t h e r  reapproved n o r  r e v i s e d ,  
they must b e  withdrawn a s  s tandards .  To f u r t h e r  ensure  t h a t  modern s t a n d a r d s  are 
a v a i l a b l e  when requi red ,  an ad hoc task  group is appointed by t h e  committee a t  regu- 
lar  i n t e r v a l s  t o  s tudy  e x i s t i n g  s t a n d a r d s ,  t o  c r i t i c a l l y  e v a l u a t e  them i n  t h e  l i g h t  
of c u r r e n t  usage and t o  recommend t h e  needed changes. The task  group may a l s o  sug- 
g e s t  the  s t a n d a r d i z a t i o n  of  tests necessary  t o  coal-conversion processes  such as 
g a s i f i c a t i o n  and l i q u e f a c t i o n .  

To ensure  t h a t  s tandards  a r e  k e p t  up- 

ASTM Standards f o r  c o a l  and coke have never  been s t a t i c ,  nor  are they  con- 
s i d e r e d  t o  be  t h e  l a s t  word; they  a r e ,  however, t h e  b e s t  a v a i l a b l e  a t  t h e  t i m e .  
Revis ions t o  e x i s t i n g  methods a r e  made f r e q u e n t l y  w i t h i n  t h e  f ive-year  review p e r i o d .  
A l l  r e v i s i o n s  o t h e r  than those  of  an e d i t o r i a l  n a t u r e  must be  approved by let ter 
b a l l o t  of  t h e  committee b e f o r e  they a r e  accepted .  

A n a l y t i c a l  procedures  f o r  c o a l  and coke may be  divided i n t o  two groups: 
those  based on empir ica l  methods developed i n  t h e  e a r l y  y e a r s  of  t h i s  cen tury ,  and 
those  based on s t o i c h i o m e t r i c  chemical r e a c t i o n s .  Empir ical  test methods, such  a s  
moisture ,  a s h  and v o l a t i l e  m a t t e r ,  were developed i n  t h e  i n d u s t r y  t o  f u l f i l  a com- 
merc ia l  need and f i n a l l y  they became s t a n d a r d s .  These t e s t s  remain much t h e  same 
today a s  when they were adopted 60 o r  70 y e a r s  ago. Using these  tests, a cons ider -  
a b l e  bank of d a t a  has  been accumulated, which can b e  compared wi th  c u r r e n t  a n a l y s e s  
c a r r i e d  out  by e s s e n t i a l l y  t h e  same methods. 

On t h e  o t h e r  hand Standard methods based on s t o i c h i o m e t r i c  r e a c t i o n s  have 
progressed r a p i d l y  i n  the  p a s t  1 0  t o  15 y e a r s .  Ash a n a l y s i s ,  i . e .  minera l  a n a l y s i s  
of c o a l  and coke ash  f o r  t h e  t e n  major c o n s t i t u e n t s ,  has  progressed from t h e  t i m e -  
consuming w e t  chemical procedures ,  through a combination of wet chemical, flame- 
photometr ic ,  and spec t rophotometr ic  methods which r e s u l t e d  i n  t h e  adopt ion  of  D 2795 
i n  1969. The l a t e s t  e d i t o r i a l  r e v i s i o n  w a s  i n  1975. I n  t h e  i n t e r v e n i n g  t i m e  i t  w a s  
r e a l i z e d  t h a t  b e t t e r  and less time-consuming methods were a v a i l a b l e  and work is w e l l  
advanced i n  developing an atomic-absorpt ion procedure us ing  a l i t h i u m  t e t r a - b o r a t e  
fus ion  technique.  The new method has  good p r e c i s i o n  and can be c a r r i e d  o u t  w i t h  
r e l a t i v e  speed. One o f  t h e  major d i f f i c u l t i e s  i n  t h i s  program has  been t h e  l a c k  o f  
s tandard  re ference  Samples f o r  t h e  major e lements  p r e s e n t  i n  coa l  ash .  S tandard  
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Reference Mater ia l s  f o r  t o t a l  s u l f u r  i n  c o a l ,  mercury i n  c o a l  and f ly-ash and 
s e v e r a l  o t h e r  t r a c e  elements  i n  coa l  and c o a l  ash  have been a v a i l a b l e  f o r  some time 
from t h e  Nat iona l  Bureau of Standards.  S teps  a r e  b e i n g  taken t o  r e q u e s t  NBS t o  
p r e p a r e  Standard Reference M a t e r i a l s  f o r  t h e  major e lements  i n  coa l  and c o a l  ash.  

Concern w i t h  t h e  environment and l a w s  governing t h e  l e v e l s  o f  a l lowable  
p o l l u t i o n  from t h e  use  o f  c o a l  have prompted the s t a n d a r d i z a t i o n  of a n a l y t i c a l  
methods f o r  t h e  de te rmina t ion  o f  t h e s e  p o l l u t a n t s .  
been developed by governmental agencies  and u n i v e r s i t i e s ,  u s i n g  a wide range of 
techniques .  The task  o f  f i l t e r i n g  o u t  the  b e s t  and most p r a c t i c a l  methods wi th  
r e f e r e n c e  to  c o a l  has  f a l l e n  on Committee D-5. Many of t h e  proposed methods r e q u i r e  
expensive and h i g h l y  s o p h i s t i c a t e d  ins t rumenta t ion .  W e  i n  ASTM f e e l  t h a t  an accept-  
a b l e  s tandard  method must b e  w i t h i n  t h e  f i n a n c i a l  reach  of those  expected t o  use  it. 
Very few l a b o r a t o r i e s  have t h e  c a p a b i l i t i e s  of c a r r y i n g  o u t  c e r t a i n  test methods 
because of  t h e  h igh  c o s t  of ins t rumenta t ion .  Atomic a b s o r p t i o n  spectrometry i s  now 
cons idered  q u i t e  comon on t h i s  cont inent ,  and i s  no longer  considered exot ic .  The 
p r i n c i p l e s  a r e  w e l l  e s t a b l i s h e d  and most l a b o r a t o r i e s  have opera t ing  experience.  
t h i s  assumption we f e e l  j u s t i f i e d  i n  s t a n d a r d i z i n g  methods us ing  t h i s  approach. We 
s t i l l  have r e s e r v a t i o n s  when i t  comes t o  t h e  s t a n d a r d i z a t i o n  of  methods based on 
X-ray f luorescence  (XRF), neut ron  a c t i v a t i o n  e t c .  There i s  no doubt t h a t  these  
methods w i l l  be  a c c e p t a b l e  i n  t h e  n e a r  f u t u r e  as techniques  improve and t h e  c o s t s  
come w i t h i n  t h e  reach of commercial l a b o r a t o r i e s .  

Many a n a l y t i c a l  methods have 

On 

Many new techniques  have been suggested f o r  c o a l  a n a l y s i s ;  one i s  t h e  
micro-determination of  carbon and hydrogen which has  proven t o  be  a v a l u a b l e  t o o l  i n  
r e s e a r c h  where t h e  amount o f  sample may be l i m i t e d  t o  a few mil l igrams.  The micro 
method requi res  t h a t  t h e  sample weight be i n  t h e  o r d e r  of 1 0  mi l l ig rams.  To e x t r a c t  
a r e p r e s e n t a t i v e  sample of t h a t  s i z e  from a l a b o r a t o r y  sample of  c o a l  (-0.250mm, C60 
U.S. Standard S ieve  o r  even -O.O74mm, #200 U.S.  Standard Sieve)  i s  d i f f i c u l t  i f  no t  
impossible .  A semi-micro technique  can probably b e  developed. 
method as descr ibed  i n  D 3178 w i l l  s u f f i c e  u n t i l  a new method i s  developed. 

However t h e  Lieb ig  

A semi-micro method f o r  t h e  de te rmina t ion  of  n i t r o g e n  i n  c o a l  is be ing  
s t u d i e d  a t  p r e s e n t .  A s  t h i s  procedure i s  f a s t e r  than t h e  Kje ldahlmethod,  r e q u i r e s  
l e s s  space  and i s  less c o s t l y ,  i t  i s  l i k e l y  t o  r e c e i v e  e a r l y  acceptance  as an a l t e r -  
n a t i v e  t o  D 3179. 

Many methods have been proposed f o r  the  de te rmina t ion  of s u l f u r  i n  c o a l  
and coke,  and to-date  only  a few have been found s u i t a b l e  f o r  s t a n d a r d i z a t i o n .  The 
b a s i c  method w i t h  which a l l  methods are u l t i m a t e l y  compared is t h e  Eschka Method. 
The Bomb-washing and t h e  High-temperature-combustion methods a r e  acceptab le  alter- 
n a t i v e s .  Combustion methods, u s i n g  i n d u c t i o n  or glow-bar-heated furnaces  t o  conver t  
the  s u l f u r  compounds to  SO have been examined and found t o  be unsui tab le  as s tandard  
methods. 
r e l i a b l e .  
dards  is advisable .  

I t  i s  r e p o r t e d  t i a t  newer des igns  of  t h i s  type  of  equipment are much more 
Experience i n d i c a t e s  t h a t  f requent  s t a n d a r d i z a t i o n  a g a i n s t  analysed s tan-  

Also w i t h  r e f e r e n c e  t o  s u l f u r  de te rmina t ions ,  improvements have been incor -  
pora ted  i n  t h e  method o f  determining p y r i t i c  s u l f u r  i n  c o a l .  I n  the  p r e s e n t  method, 
D 2492 Forms of S u l f u r ,  p y r i t i c  s u l f u r  i s  determined by e x t r a c t i n g  a weighed sample 
of c o a l  with d i l u t e  n i t r i c  a c i d  fol lowed by a t i t r a m e t r i c  de te rmina t ion  o f  i r o n  as a 
measure of p y r i t i c  s u l f u r .  Appropr ia te  c o r r e c t i o n s  a r e  made f o r  non-pyr i t ic  i r o n .  

A s  an a l t e r n a t i v e  procedure the  p y r i t i c  i r o n  may be determined by atomic 
absorp t ion .  

Over t h e  y e a r s  D-5 has  been p r e s e n t e d  with t h e  problem of developing a 

This  t a s k  has  been c a r r i e d  o u t  f o r  y e a r s  by time-consuming 

s tandard  to cover  c o a l  s t o c k p i l e  inventory  which i s  o f  concern t o  u t i l i t i e s  and o t h e r  
l a r g e  users  of c o a l .  
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measurement of the  p i l e  t o  determine i t s  volume a s  a c c u r a t e l y  a s  p o s s i b l e  fol lowed 
by an also-time-consuming sampling program t o  determine the  average d e n s i t y  of t h e  
Coal a t  vary ing  depths  i n  t h e  p i l e .  From these  measurements, which were rough a t  
b e s t ,  t h e  tonnage was c a l c u l a t e d .  We have now been asked by CAPCO (Cent ra l  Area 
Power Coordinat ing)  Group, t o  co-operate i n  t h e i r  program t o  develop a s tandard .  
This  group, some of whose members a r e  from D-5, a r e  s tudying  t h e  f e a s i b i l i t y  of t h e  
use of a n u c l e a r  probe and s c a l e r  which would o p e r a t e  on t h e  b a s i s  of gamma rad ia-  - 
t i o n  and r e f l e c t i o n  t o  accomplish t h e  requi red  measurements. A second approach 
under c o n s i d e r a t i o n  i s  t h e  use of a radio-echo device .  
r e c t l y  i n  the  development s t a g e s  b u t  w i l l  be i n t e r e s t e d  i n  s t a n d a r d i z a t i o n  when t h e  
necessary ins t rumenta t ion  is developed. 

D-5 cannot p a r t i c i p a t e  d i -  

D-5 has  an ash  a n a l y s i s  s tandard ,  and a s tandard  method f o r  t h e  prepara t ion  
We have now been requested t o  develop a method f o r  t h e  p r e p a r a t i o n  of an ash of  ash.  

( f ly-ash)  which is non-standard, t o  s i m u l a t e  ash  produced under pulver ized  f u e l  
burning c o n d i t i o n s .  
from t h a t  prepared under t h e  s tandard  condi t ions  s p e c i f i e d  i n  D 2795, i . e .  from room 
temperature  t o  5OO0C i n  one hour and 750°C i n  two hours ,  and f i n a l  y i g n i t e d  t o  con- 
s t a n t  weight a t  7 5 0 O C  i n  a w e l l - v e n t i l a t e d  muff le  furnace .  Ash produced under the  
condi t ions  p r e v a i l i n g  i n  a pu lver ized  f u e l  burning system would be s u b j e c t e d  t o  much 
h igher  temperatures ,  t h u s  causing t h e  v o l a t i l i z a t i o n  of e lements  such as sodium. It 
i s  a l so  t r u e  t h a t  some of  t h e s e  v o l a t i l e  c o n s t i t u e n t s  may recbmbine t o  varying de- 
grees ,  producing compounds n o t  normally found i n  t h e  s tandard  ash .  A group on t h e  
w e s t  c g a s t  has  asked f o r  our  co-operat ion i n  t h i s  p r o j e c t ,  which w i l l  involve  t h e  
ash ing  of a r e l a t i v e l y  l a r g e  sample of  c o a l  under s p e c i f i c  condi t ions .  The s p e c i f i c  
condi t ions  n e c e s s i t a t e  t h e  use  of a s p e c i a l l y  designed mini-furnace t o  burn the  c o a l  
i n  a pulver ized  form t o  produce the  s imula ted  ash.  The des ign  and c o n s t r u c t i o n  of 
t h e  furnace w i l l  be undertaken by t h i s  group. 

Ash produced under such condi t ions  would be v a s t l y  d i f f e r e n t  

t 

The group r e p r e s e n t i n g  u t i l i t i e s  and manufacturers  of e l e c t r o s t a t i c  precip-  
i t a t o r s  r e q u i r e  an ash  prepared i n  t h i s  manner s o  t h a t ,  when a chemical  a n a l y s i s ,  
r e s i s t i v i t y  measurements and o t h e r  tests a r e  made, t h e  d a t a  so  obta ined  can be cor-  
r e l a t e d  wi th  t h e  ash  ( f ly-ash)  present  i n  t h e  s t a c k  from which they a r e  a t tempt ing  
t o  remove the  p a r t i c u l a t e  emissions.  An ash  prepared by convent iona l  s tandard  methods 
does not  meet t h e s e  requirements .  

Fuel  c a l o r i m e t e r s  manufactured today a r e  h ighly  s o p h i s t i c a t e d  as compared 
t o  those i n  use i n  t h e  t h i r t i e s .  While thermometers may s t i l l  be used t o  measure 
temperature-r ise  they have i n  many i n s t a n c e s  been made super f luous  by t h e  i n t r o d u c t i o n  
of thermis te rs .  Most modern a d i a b a t i c  c a l o r i m e t e r s  have both,thermometers manufac- 
tu red  to  ASTM s t a n d a r d s  and t h e r m i s t e r s  wi th  d i g i t a l  read-out ,  and i n  some ins tances  
a pr in t -out  a t tachment  i s  added. The use of t h i s  modern i n s t r u m e n t a t i o n ,  whi le  not  
sanc t ioned  by ASTM, i s  found t o  be very  s a t i s f a c t o r y  i n  he lp ing  t o  e l i m i n a t e  t h e  
human element. 

The manual o p e r a t i o n  of t h e  co ld  - and hot-water v a l v e s  i n  an a d i a b a t i c  
c a l o r i m e t e r  has  been superseded by au tomat ic  opera t ion .  This  new ins t rumenta t ion  i s  
good and exceedingly r e l i a b l e .  

The de termina t ion  of v o l a t i l e  mat te r  i n  coa l  and coke can now be c a r r i e d  
o u t  i n  d u p l i c a t e ,  us ing  equipment programmed t o  lower t h e  c r u c i b l e s  i n t o  t h e  furnaces  
a t  the  requi red  r a t e ,  t o  hold them t h e r e  f o r  a given time and then t o  withdraw them. 

While many of  the  methods have remained b a s i c a l l y  t h e  same f o r  many y e a r s ,  
automation has  a s s i s t e d  t h e  a n a l y s t  t o  t u r n  o u t  more work wi th  p r e c i s i o n  equal  t o  o r  
g r e a t e r  than t h a t  wi th  t h e  manual methods. 
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In conclus ion  i t  should be  poin ted  o u t  t h a t  D-5 i s  n o t  a g a i n s t  t h e  use  05 
new technology i n  t h e  p r e p a r a t i o n  of s tandards  b u t ,  by t h e  t i m e  t h e  technology has  
been advanced and proven r e l i a b l e ,  i t  is no longer  new. To be considered worthy of 
s t a n d a r d i z a t i o n  a new approach must be  f a s t e r  than  t h e  one i t  i s  t o  r e p l a c e ,  must 
have e q u a l  or g r e a t e r  p r e c i s i o n ,  and t h e  equipment r e q u i r e d  must be w i t h i n  t h e  reach 
of  t h e  l a b o r a t o r i e s  who w i l l  be  expected t o  use i t .  I 
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